To evaluate the antibacterial property of Everniastrum nepalense(edible lichen)collected from eastern part of Nepal and determine Minimum Inhibitory Concentration (MIC) of lichen extract.
INTRODUCTION
Lichens are being used in traditional foods and medicines since millenia and also play vital roles in ecosystem function and human welfare (Crawford 2015) . According to WHO, approximately 80% of present world's people depend on traditional medicine for primary health cares. Indigenous traditional medicine has considerable economic benefi ts as well as it can be used in the treatment of various diseases (Azaizeh et al. 2003) .
According to Crockett et al. (2003) , Lichens are the symbiotic association between two organisms (Fungi and its photosynthetic partner algae) which live together intimately.The fungus forms a thallus or lichenized stroma that may contain characteristic secondary metabolites in all lichens (Ahmadijan 1993) . Lichens, frequently called 'Jhyau' or 'Tare' in Nepal, are classifi ed as a cluster of lower life-forms of fungi (Shah 2014) . Although about 8% of the terrestrial ecosystem consists of lichens and more than 20,000 lichen species
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Published Online: December, 2019 DOI: https://doi.org/10. 3126/tujm.v6i0.26584 are distributed throughout the world, their biological activities and biologically active compounds remain unexplored to a great extent (Toma et al. 2001 ).
Lichens are considered as valuable plant resources which are used as medicines, food, fodder, dyes perfume, spice, and for miscellaneous purposes (Hegnauer 1962) . Lichens are also used for monitoring the air pollution because they are very sensitive to various air pollutants (Jezierski et al. 1999) .
The use of lichens in medicine is based on the fact that they contain unique and varied biologically active substances, mainly with antimicrobial actions. Because of marked antimicrobial activity of secondary metabolites, lichens, macrofungi, and vascular plants attract great attention of investigators as new signifi cant sources of bioactive substances (Karaman et al. 2003) . The intensive use of antibiotics has selected for antibiotic resistance factors and facilitated the spread of multiply resistant microorganisms.
Lichen metabolites constitute a wide variety of biological function including antibiotic, antimycotic, antiviral, anti-infl ammatory, analgesic, antipyretic, antiproliferative, and cytotoxic effects (Shukla et al. 2010; .
Various lichens and its extracts having usnic acid have been used for medicinal, perfumery, cosmetic as well as ecological purposes. In some commercial products such as creams, toothpaste, mouthwash, deodorants and sunscreen products, usnic acid has been formulated as a pure substance as well as in some cases used as an active principle, in others as a preservative. In addition to the antimicrobial activity against human and plant pathogens, usnic acid has been shown to exhibit antiviral, antiprotozoal, antiproliferative, antiinfl ammatory and analgesic activities (Ingolfsdottir 2002) . Slow growth and long duration (maximum lifetime spans to several thousand years) of existence in the specifi c and even extreme conditions are consistent with their abundance in protective metabolites against different physical and biological infl uences (Denton and Karlen 1973) . Ecological effects, such as antigrowth, antiherbivore and anti-insect properties of lichens have also been reported (Ingolfsdottir 2002 (Thapa et al., 2018) The potential bioactive compound of natural plant extracts that are economical. Among seven extracts examined Snyzygium aromaticum, Pisidium guajava and Elaeocarpus ganitrus showed the best antibacterial activity against S. aureus (Sakha et al. 2018) .
In this regard, edible lichen from Eastern part of Nepal is of a signifi cant interest. Therefore, in this study, antibacterial activity and MIC of methanolic extracts of Erveniastrum nepalense were evaluated against human pathogenic bacteria. This study was designed to contribute scientifi c proof for utilization of locally available edible lichen as herbal medicine in comparison to the commercial antibiotics having various side effects. Methanol was taken as a solvent. Each thimble with sample was placed on individual Soxhlet apparatus for solvent extraction. The solvents were left to siphoned single time. Then again, the solvent was added, so as to cover thimble. The temperature was adjusted at around 55-60ºC, where the boiling point of methanol is 64.7ºC.
MATERIALS AND METHODS

Collection of lichen samples
The process of siphoning was started and done until the extraction becomes transparent. The extracts were poured on a beaker and concentrated to dryness using rotary evaporator. This process was repeated when more lichen extract was required. The extracts were then ready for testing antimicrobial activity (Jasuja et al. 2013 ).
Preparation of standard inoculums of test bacteria
The 
DISCUSSION
Plant product drugs and herbal remedies have been employed since prehistoric times to treat human and animal diseases and several countries still rely on plants and herbs as the main sources of drugs (Ogbonnia et al. 2008 ).
Lichens, the symbiotic organisms of fungi and algae, are slow-growing organisms (Fiedler et al., 1986) . Their secondary metabolites as the "lichen substances," are amino acid derivatives, sugar alcohols, aliphatic acids, macrocyclic lactones, mono-cyclic aromatic compounds, quinones, chromones, xanthones, dibenzofuranes, depsides, depsidones, depsones, terpenoids, steroids, carotenoids and diphenyl ethers. They have been used by humans for centuries as food, dye and therapeutic traditional medicine. Their effi cacy is due to the synthesis of unique secondary compounds, a number of which have important biological roles (Perry et al. 1999) .
For this study, edible lichen (Everniastrum nepalense) was collected from four different districts of eastern Nepal viz. Bhojpur, Dhankuta, Panchthar and Taplejung.
Lichens are used as medicinal plants as well as food commodities by the some ethnic groups especially Rai and Limbu from Kirat community of Eastern Nepal. (Limbu 2013) .
The edible lichens such as Everniastrum cirrhatum, E. nepalense and Parmotrema cetratum are are famous for its delicacy and high nutritional values and hence are widely eaten along with cooked blood, intestinal parts of pigs with spices and seasonings by the Limbu and Rai communities (Limbu and Rai 2012; Limbu 2013) .
Extracts were evaluated for their antibacterial activity against human pathogenic bacteria such as Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Salmonella spp., Shigella spp., Klebsiella spp. and Pseudomonas aeruginosa by agar well assay method.
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The extracts of all edible lichens showed inhibitory effects against all test bacteria except Escherichia coli. This study is similar to the result obtained by Dulger et al. (1998) .The species of the edible lichens including Everniastrum cirrhatum, E. nepalense and Parmotrema cetratum shown to exhibit inhibitory effect against bacteria including clinical isolates (Limbu and Rai 2012) . The lichen extracts containing bio-active compounds showed inhibitory activity against wide variety of human pathogens including clinical strains (Kosanić et al. 2014) .
Inhibitory Zone shown by methanol extracts of Lichen collected from four different districts varied according to bacteria used. Range of zone of inhibition obtained as results was 10 to 18 mm against test bacteria. The intensity of the antimicrobial effect depended on the type of extract, its concentration, and the tested microorganisms (Srivastava et al. 2013) .Acetone and methanol extract showed almost equal activity against S. aureus whereas ethanol extract was found to be more effective against B. cereus and P. aeruginosa. The reason for different sensitivity of bacteria can be found in different transparency of the cell wall (Yang and Anderson 1999) .
From the result obtained, it is concluded that lichen extracts showed less antibacterial activity on Gramnegative bacteria as compared to Gram-positive bacteria which is matched with that of Lawrey (1986) . This can be justifi ed with reference to Lodhia et al. (2009) and Nalubega et al. (2011) because the lesser inhibitory activity of solvent extracts against the Gram negative bacterium could be described to the presence of an outer membrane that possess hydrophilic polysaccharides chains and forms an additional barrier for extracts as well as antibiotics whereas the cell wall of the Gram-positive bacteria consists of peptidoglycan (mureins) and teichoic acids. Behera et al. (2005) reported that the acetone, methanol, and light petroleum extracts of lichen were effective against Bacillus licheniformis, B. megaterium, and S. aureus. Karagoz et al. (2009) As lichen extracts of four districts have showed good antibacterial activity against the test bacterial isolates namely Staphylococcus aureus, Salmonella Typhi, Pseudomonas aeruginosa, Bacillus subtilis, Klebsiella spp and Shigella spp. Hence, it is concluded that lichens are a good medicinal plant which is also supported by Karagoz et al. (2009) .
On the basis of this fi nding, the methanolic extract of edible lichen (Everniastrum nepalense) possess a good candidate in the search for a natural antimicrobial agent against infections or diseases caused by the test bacteria except E. coli. The extracts of lichens should be further analyzed to isolate the specifi c antibacterial properties in them. Clinical trials should be carried out to explore the potential of the extracts in the treatment of the infectious diseases.
CONCLUSION
This study revealed that the lichen extract showed highest inhibitory effect on Gram-positive bacteria such as Staphylococcus aureus, Bacillus subtilis and mild inhibitory effect against Gram-negative bacteria such as Pseudomonas aeruginosa, Salmonella Typhi, Shigella spp, Klebsiella spp comparatively. Gram-negative Escherichia coli showed resistance to the lichen extracts from all four districts viz, Bhojpur, Taplejung, Dhankuta and Pachthar.
Hence, lichens are much effective against Grampositive bacteria than that of Gram-negative bacteria. Therefore, it is assumed that lichens are ethnobotanically important which are still in use as medicinal as well as food commodities by local ethnic community and can be used for the treatment of various diseases. This study also revealed that lichens might be useful as an antimicrobial agent following further extensive investigation.
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